Potassium indium bis[hydrogen arsenate(V)], KIn(HAsO 4 ) 2 , rubidium indium bis[hydrogen arsenate(V)], RbIn(HAsO 4 ) 2 , and caesium indium bis[hydrogen arsenate(V)], CsIn(HAsO 4 ) 2 , were grown under mild hydrothermal conditions (T = 493 K, 7-8 d). KIn(HAsO 4 ) 2 adopts the KSc(HAsO 4 ) 2 structure type (space group C2/c), while RbIn(HAsO 4 ) 2 and CsIn(HAsO 4 ) 2 crystallize in the space group R3c and are the first arsenate representatives of the RbFe(HPO 4 ) 2 structure type. All three compounds have tetrahedral-octahedral framework topologies. The M + cations, located in voids of the respective framework, are slightly disordered in RbIn(HAsO 4 ) 2 . In KIn(HAsO 4 ) 2 , there is a second Katom position with a very low occupancy, which may suggest that the K atom can easily move in the channels extending along [101].
Potassium indium bis[hydrogen arsenate(V)], KIn(HAsO 4 ) 2 , rubidium indium bis[hydrogen arsenate(V)], RbIn(HAsO 4 ) 2 , and caesium indium bis[hydrogen arsenate(V)], CsIn(HAsO 4 ) 2 , were grown under mild hydrothermal conditions (T = 493 K, 7-8 d) . KIn(HAsO 4 ) 2 adopts the KSc(HAsO 4 ) 2 structure type (space group C2/c), while RbIn(HAsO 4 ) 2 and CsIn(HAsO 4 ) 2 crystallize in the space group R3c and are the first arsenate representatives of the RbFe(HPO 4 ) 2 structure type. All three compounds have tetrahedral-octahedral framework topologies. The M + cations, located in voids of the respective framework, are slightly disordered in RbIn(HAsO 4 ) 2 . In KIn(HAsO 4 ) 2 , there is a second Katom position with a very low occupancy, which may suggest that the K atom can easily move in the channels extending along [101] .
Chemical context
Metal arsenates often form tetrahedral-octahedral framework structures that frequently show potentially interesting properties, such as ion conductivity, ion exchange and catalytic properties (Masquelier et al., 1990 (Masquelier et al., , 1994a (Masquelier et al., ,b, 1995 (Masquelier et al., , 1996 (Masquelier et al., , 1998 Mesa et al., 2000; Ouerfelli et al., 2007a Ouerfelli et al., ,b, 2008 PintardScré pel et al., 1983; Rousse et al., 2013) . In the course of a detailed study of the system M + -M 3+ -As-O-(H) by hydrothermal syntheses, a large variety of new arsenate(V) compounds and structure types were found (Kolitsch, 2004; Schwendtner, 2006; Schwendtner & Kolitsch, 2004a ,b, 2005 ,b,c,d, 2017a .
The three new title compounds belong to the family of hydrogenarsenate compounds with the general formula M + M 3+ (HAsO 4 ) 2 . Including the three compounds reported here, nine compounds with this general formula are known. They crystallize in four different structure types. KIn(HAsO 4 ) 2 is a further representative of the KSc(HAsO 4 ) 2 structure type (Schwendtner & Kolitsch, 2004a) , which is also adopted by AgGa(HAsO 4 ) 2 and AgAl(HAsO 4 ) 2 (Schwendtner & Kolitsch, 2017c) . The (H 3 O)Fe(HPO 4 ) 2 structure type (Vencato et al., 1989 ) is adopted by CsSc(HAsO 4 ) 2 (Schwendtner & Kolitsch, 2004b) . Another modification of CsSc(HAsO 4 ) 2 crystallizes in the (NH 4 )Fe(HPO 4 ) 2 type (Yakubovich, 1993) , in which also (NH 4 )Fe(HAsO 4 ) 2 crystallizes (Ouerfelli et al., 2014) . The two new title compounds RbIn(HAsO 4 ) 2 and CsIn(HAsO 4 ) 2 adopt a structure type hitherto unknown among arsenates which is, however, known from the phosphates RbFe(HPO 4 ) 2 ISSN 2056-9890 (Lii & Wu, 1994) and RbM 3+ (HPO 4 ) 2 (M = Al, Ga) (Lesage et al., 2007) . All of these compounds consist of frameworks of singly protonated AsO 4 tetrahedra and M 3+ O 6 octahedra. The M + cations occupy channels that extend along one or more directions in the framework.
A number of M + -In-arsenates have been reported in the literature. Among these are several diarsenates: NaInAs 2 O 7 (Belam et al., 1997) , KInAs 2 O 7 (Schwendtner & Kolitsch, 2017b) and RbInAs 2 O 7 , TlInAs 2 O 7 and (NH 4 )InAs 2 O 7 (Schwendtner, 2006) , furthermore Na 3 In 2 (AsO 4 ) 3 (Lii & Ye, 1997; Khorari et al., 1997) and KIn(H 2 O)(H 1.5 AsO 4 ) 2 -(H 2 AsO 4 ) (Schwendtner & Kolitsch, 2007c) . There also exist indexed X-ray powder diffraction data of Li 3 In 2 (AsO 4 ) 3 (Winand et al., 1990) (Ezhova et al., 1977) .
The hydrogenphosphates KIn(HPO 4 ) 2 and RbIn(HPO 4 ) 2 (Filaretov et al., 2002b) , which are the phosphate analogues of two of the title compounds, crystallize in the (NH 4 )In(HPO 4 ) 2 structure type (P2 1 /c; Filaretov et al., 2002a; Mao et al., 2002) , for which no arsenate members were known prior to the present work. CsIn(HPO 4 ) 2 (Huang et al., 2004; Lesage et al., 2007) is known as two modifications, the (NH 4 )Fe(HPO 4 ) 2 -type (P1; Yakubovich, 1993) and the (H 3 O)Fe(HPO 4 ) 2 -type (P2 1 /c; Vencato et al., 1989) . Both structure types are common among hydrogenphosphates, with eleven and seven members, respectively, and both have one arsenate representative each, viz. -and -CsSc(HAsO 4 ) 2 (Schwendtner & Kolitsch, 2004) . The (NH 4 )Fe(HPO 4 ) 2 -type CsIn(HPO 4 ) 2 is closely related to and basically a distorted variety of the RbFe(HPO 4 ) 2 type in which CsIn(HAsO 4 ) 2 crystallizes (see discussion in Lesage et al., 2007) . According to Huang et al. (2004) , a second variety of RbIn(HPO 4 ) 2 exists, which is also isotypic to (H 3 O)Fe(HPO 4 ) 2 .
Structural commentary
KIn(HAsO 4 ) 2 crystallizes in space group C2/c and is isotypic to KSc(HAsO 4 ) 2 (Schwendtner & Kolitsch, 2004a) , AgGa-(HAsO 4 ) 2 and AgAl(HAsO 4 ) 2 (Schwendtner & Kolitsch, 2017c) . The asymmetric unit contains one K, one In, one As, one H and four O atoms (Fig. 1a) . The slightly distorted InO 6 octahedra share corners with six HAsO 4 tetrahedra, thus forming a three-dimensional anionic framework with narrow channels parallel to [110] and [101] (Fig. 2a,b ) which host the K atoms. There are two K-atom positions (K1 and K2), at a distance of 2.653 (15) Å from each other. The K1 position is located on an inversion centre and has a refined occupancy of 0.976 (2), while K2, which lies between two K1 positions, is located on a twofold axis (like the In atom) and has a refined occupancy of 0.024 (2). Both K-atom positions show a [4 + 4]-coordination with average K-O bond lengths of 2.949 and 3.016 Å for K1 and K2, respectively (Table 1) . This is slightly longer than the reported average K-O bond length for [8] K atoms of 2.85 Å (Baur, 1981) . However, bond-valence calcu- The principal building units of (a) KIn(HAsO 4 ) 2 and (b) CsIn(HAsO 4 ) 2 , shown as displacement ellipsoids at the 70% probability level. 
lations after Gagné & Hawthorne (2015) show bond-valence sums (BVSs) of 0.99 valence units (v.u.) for K1 and 0.85 v.u. for K2, indicating an 'underbonded' character of K2, and explaining the difference in site occupancies.
As expected, the protonated AsO 4 tetrahedron is strongly distorted as three vertices connect to neighbouring InO 6 octahedra, while O4 (OH) is a terminal vertex and only involved in a medium-strong hydrogen bond ( Fig. 2b and 2c ; Table 4 ).
Calculated BVSs (Gagné & Hawthorne, 2015) of the framework atoms amount to 3.06 v.u. for In, 5.07 v.u. for As and 2.11/1.83/1.96/1.20 v.u. for O1-O4, respectively. Although these sums appear slightly too high for In and As, the average In-O and As-O bond lengths fit very well to published averages: the average As-O bond length in KIn(HAsO 4 ) 2 is 1.682 Å and the As-OH bond length is 1.723 Å , very close to the average of 704 analyzed AsO 4 groups in inorganic compounds [1.686 (10) Å ; Schwendtner, 2008] and the average As-OH in 45 HAsO 4 groups [1.72 (3) Å ; Schwendtner, 2008] , respectively. The average In-O bond length (2.132 Å ) is slightly shorter than the published average of 2.141 Å for inorganic compounds (Baur, 1981) .
RbIn(HAsO 4 ) 2 and CsIn(HAsO 4 ) 2 crystallize in the space group R3c and are isotypic to RbFe(HPO 4 ) 2 (Lii & Wu, 1994) and RbM 3+ (HPO 4 ) 2 (M = Al, Ga) (Lesage et al., 2007) . The asymmetric unit contains two M + , two In, one As, one H and four O positions and the structure is characterized by a long c axis in the hexagonal setting (Fig. 3) The framework structure of KIn(HAsO 4 ) 2 in views parallel to (a) [101], (b) [110] and (c) [100] . The K atoms are located in channels of the framework (note that the K2 position has an occupancy of only 0.024 (2). Hydrogen bonds (dashed lines) reinforce the framework and extend roughly along c.
Figure 3
The framework structure of CsIn(HAsO 4 ) 2 in a view parallel to b. The unit cell (outlined) is characterized by a long c axis. Cs atoms occupy channels extending parallel to a and b. Hydrogen bonds are shown as dashed lines.
in turn connected via three corners to other InO 6 octahedra. The protonated apices of the HAsO 4 tetrahedra form a strong hydrogen bond (O-HÁ Á ÁO = 2.62-2.63 Å ) to the neighbouring InAs 6 O 24 group. The InAs 6 O 24 groups in RbIn-(HAsO 4 ) 2 and CsIn(HAsO 4 ) 2 are arranged in layers normal to c, and the groups within these layers are interconnected by strong hydrogen bonds extending in directions [100] and [110] ( Fig. 4a and 4b) . The 12-coordinated Cs atoms are located in channels which extend along a and b. (v) Àx þ y; Àx; z; View along c of the two different layers involving the two different Cs atoms positions in the framework structure of CsIn(HAsO 4 ) 2 . These layers are stacked along c (cf. Fig. 3) . Hydrogen bonds are shown as dashed lines. the strong hydrogen bonds (Tables 5 and 6 ). As expected, the unit-cell volume of the isotypic phosphates is about 20% smaller than that of the arsenates. The stronger condensation due to the smaller stronger-bonded phosphate also leads to even stronger hydrogen bonds, with O-HÁ Á ÁO distances ranging from 2.58 to 2.59 Å (Lii & Wu, 1994; Lesage et al., 2007) .
Synthesis and crystallization
The compounds were grown by hydrothermal synthesis at 493 K (7-8 d, autogeneous pressure, slow furnace cooling) using Teflon-lined (Fig. 5b and 5c , respectively). RbIn(HAsO 4 ) 2 was accompanied by crystals of RbInAs 2 O 7 (Schwendtner, 2006) , while the X-ray powder diffraction pattern of CsIn(HAsO 4 ) 2 showed a few peaks of an unidentified impurity.
Measured X-ray powder diffraction diagrams of RbIn-(HAsO 4 ) 2 and CsIn(HAsO 4 ) 2 were deposited at the International Centre for Diffraction Data under PDF number 56-1371 (Prem et al., 2005a) for RbIn(HAsO 4 ) 2 and 56-1372 (Prem et al., 2005b) for CsIn(HAsO 4 ) 2 .
The chemical composition of the title compounds was checked by standard SEM-EDX analysis of several crystals of each compound; no impurities could be detected.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 7 .
For all three refinements, the atomic coordinates of the first description of the respective structure types [KSc(HAsO 4 ) 2 (Schwendtner & Kolitsch, 2004a) and RbFe(HPO 4 ) 2 (Lii & Wu, 1994) ] were used as initial parameters for better comparison. Hydrogen atoms and additional disordered positions were then located from difference-Fourier maps and added to the respective models.
The two K-atom positions in KIn(HAsO 4 ) 2 were restrained to give a total occupancy of one. Freely refined occupancies were 0.989 (4) (K1) and 0.029 (4) (K2), i.e. very close to the ideal bulk occupancy of 1.00. Also the anisotropic displacement parameters were restrained to the same values. The O-H bond lengths were restrained to 0.90 (4) (K compound) Table 5 Hydrogen-bond geometry (Å , ) for RbIn(HAsO 4 ). Table 6 Hydrogen-bond geometry (Å , ) for CsIn(HAsO 4 ). Figure 5
SEM micrographs of hydrothermally synthesized crystals of (a) (Lesage et al., 2007) , have irregular atomic displacement parameters; therefore, two further, low-occupancy Rb positions, Rb1B and Rb2B, were included in the refinement to model this positional disorder. The occupancies were accordingly restrained to give a total occupancy of 1.00 for Rb1 and Rb2 [Rb1a = 0.949 (3), 3 Â Rb1b = 0.0170 (9), Rb2a = 0.567 (3), 3 Â Rb2b = 0.1442 (9)]. The refined Rb1A-R1B, Rb1B-R1B 0 , Rb2A-R2B 0 and Rb2B-Rb2B distances are 0.44 (3), 0.76 (5), 0.249 (8) and 0.423 (14) Å , respectively. The anisotropic displacement parameters of Rb1a and Rb1b, as well as Rb2a and Rb2b, were restrained to give the same value.
The highest residual electron densities are 2.03 e Å À3 in CsIn(HAsO 4 ) 2 . They are located about 1.65 Å from As at the same z coordinate value. At first, it seemed sensible that this position is a 'flipped' As position centring an alternative location of the AsO 4 tetrahedron. An unrestrained refinement of this position led to occupancy factors of 0.984 (2) for As and 0.015 (2) for the second position and R1 decreased from 2.17 to 1.99%. However, the isotropic displacement parameter of the second position refined to zero, which suggested that this position may be an artifact. The position can be generated by a mirror plane in (110) (Fig. 6 ). Since application of appropriate twin matrices to the original model did not improve the refinement and since O ligands for this second possible As position could not be detected, the position was omitted from the model.
The highest residual electron densities of RbIn(HAsO 4 ) 2 are at or below 1 e Å À3 and 1.43 Å from atom O4. The highest residual electron densities of KIn(HAsO 4 ) 2 are 1.18 e Å À3 and close to the As position. Computer programs: COLLECT (Nonius, 2003) , DENZO and SCALEPACK (Otwinowski et al., 2003) , SHELXS97 (Sheldrick, 2008) , SHELXL2016 (Sheldrick, 2015) , DIAMOND (Brandenburg, 2005) and publCIF (Westrip, 2010) . For all structures, data collection: COLLECT (Nonius, 2003 ); cell refinement: SCALEPACK (Otwinowski et al., 2003) ; data reduction: DENZO and SCALEPACK (Otwinowski et al., 2003) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2016 (Sheldrick, 2015) ; molecular graphics: DIAMOND (Brandenburg, 2005) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
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Potassium indium bis[hydrogen arsenate(V)] (KInHAsO42)
Crystal data
KIn ( Extinction correction: SHELXL2016 (Sheldrick, 2015) , Fc
Extinction coefficient: 0.00181 (17)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Symmetry codes:
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
Hydrogen-bond geometry (Å, º) 
Rubidium indium bis[hydrogen arsenate(V)] (RbInHAsO42)
Crystal data
RbIn ( Extinction coefficient: 0.000313 (12)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Extinction correction: SHELXL2016 (Sheldrick, 2015) , Fc 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
